Background/Aims: Our previous study found that a nanoparticle drug delivery system that operates as a drug carrier and controlled release system not only improves the efficacy of the drugs but also reduces their side effects. However, this system could not efficiently target hepatoma cells. The aim of this study was to synthesize biotin-modified galactosylated chitosan nanoparticles (Bio-GC) and evaluate their characteristics in vitro and in vivo. Methods: Bio-GC nanomaterials were synthesized, and confirmed by fourier transform infrared spectroscopy (FT-IR) and hydrogen -1 nuclear magnetic resonance ( 1 H-NMR). The liver position and cancer target property of Bio-GC nanoparticles in vitro and in vivo was tested by confocal laser and small animal imaging system. The characteristics of Bio-GC/5-fluorouracil (5-FU) nanoparticles in vitro and in vivo were explored by cell proliferation, migration and cytotoxicity test, or by animal experiment. Results: Bio-GC nanoparticles were synthesized with biodegradable chitosan as the nanomaterial skeleton with biotin and galactose grafts. Bio-GC was confirmed by FT-IR and 1 H-NMR. Bio-GC/5-FU nanoparticles were synthesized according to the optimal mass ratio for Bio-GC/5-FU (1:4) and had a mean particle size of 81.1 nm, zeta potential of +39.2 mV, and drug loading capacity of 8.98%. Bio-GC/5-FU nanoparticles had sustained release properties (rapid, steady, and slow release phases). Bio-GC nanoparticles targeted liver and liver cancer cell in vitro and in vivo, and this was confirmed by confocal laser scanning and small animal imaging system. Compared with GC/5-FU nanoparticles, Bio-GC/5-FU nanoparticles showed more specific cytotoxic activity in a dose-and time-dependent manner and a more obvious inhibitory effect on the migration of liver cancer cells. In addition, Bio-GC/5-FU nanoparticles significantly prolonged the survival time of mice in orthotopic liver
Introduction
5-Fluorouracil (5-FU) is a cell cycle specific drug that can inhibit thymidylate synthase activity in tumor cells in vivo by blocking the biosynthesis of deoxythymidine from deoxyuridine and eventually inhibiting DNA synthesis [1, 2] . Furthermore, it also can prevent uracil and orotic acid uptake into RNA to inhibit the effects of RNA, and thus interferes with the biosynthesis of RNA, DNA, and proteins [3, 4] . 5-FU has a broad anticancer spectrum and obvious curative effects, and either alone or in combination with other anticancer drugs, it plays an important role in the treatment of most common tumors of the digestive tract such as gastric cancer [5] , colorectal carcinoma [6] , and hepatoma [7] . To date, it cannot be replaced by other drugs, especially for the treatment of gastrointestinal tumors. However, 5-FU has many clinical shortcomings. Its half-life is only around 5-10 min in vivo; therefore, it takes a long time and high doses of 5-FU to maintain effective concentrations in the body. In addition, the absorption of 5-FU is irregular and elimination is nonlinear, and if the concentrations of 5-FU in vivo are too high, typical toxic side effects can occur that limit its clinical application [6, 8] . In recent years, research into 5-FU preparations with high efficiency and low toxicity has become a popular area of investigation among many researchers.
Drug delivery systems are receiving widespread attention. Moreover, drug carriers with controlled release not only improve the efficacy of drugs but also reduce their side effects because of their structures and sustained release effects [9] [10] [11] [12] [13] . Because chitosan (CS) drug delivery systems provide sustained release, biodegradability, and surfaces that can be modified, they have become widely used in drug delivery system research [14] . CS has a large number of positive ions, and when they come into contact with negatively charged poly anionic compounds and biological macromolecules in aqueous solution, the structure can be modified by intramolecular or intermolecular crosslinking to form a gel and eventually nanoscale particles [15] . Because CS represents a non-targeted nanomaterial that has common nanoscale characteristics, we previously synthesized galactosylated chitosan (GC) nanoparticles by grafting CS with a galactose ligand, which is modified at the molecular level of CS [16] . Asialoglycoprotein receptor (ASGPR) is found on sinusoidal surfaces of mammalian liver cells and is a glycoprotein that specifically recognizes terminal galactose residues or acetylamino galactose. Each hepatocyte contains about 200, 000 binding sites for ASGPR [17] . The specific binding of galactose ligand with ASGPR on hepatocyte membranes has been shown to induce liver-targeted drug transfer.
In our previous study, we synthetized GC/5-FU nanoparticles by combining the GC material with 5-FU, and tested its effects in an orthotropic liver cancer mouse model. We found that the GC/5-FU nanoparticles specifically target the liver and liver cancer cells, and that the deficiency of GC/5-FU nanoparticles increased the concentration of 5-FU in normal liver tissues [18] . Therefore, we synthesized nanomaterials targeting liver cancer based on preliminary research that aimed to improve liver cancer targeting and reduce the drug concentrations in liver tissue. Cancer cell growth is due to the overexpression of some vitamin receptors as they try to adapt to the need for a large number of vitamins. Biotin (also called vitamin H) is a small molecular compound with a molecular mass of 244 Da, and the expression of its receptor is 39.6 times higher in hepatocellular carcinoma cells than in normal liver cells [19] . HepG2 cells show strong adsorption of D-biotin-modified nanoparticles, and as the concentration of biotin increases, the adsorption also increases significantly [20] . We used galactose (targeting the liver ) and biotin (targeting the cancer), in combination with CS to synthesize galactosylated CS modified by biotin (Bio-GC, which is liver-and cancer cell-specific), based on our previous work. We explored the characteristics of Bio-GC/5-FU nanoparticles in vitro and in vivo and their inhibitory effects on liver cancer cells.
Synthesis of Bio-GC
Lactose (1.55 g) was added into CS (1.01 g) solution at room temperature, and the solution reacted until clarified. NaBH 4 was slowly added into the solution and reacted at room temperature for 72 h. After the reaction, GC was collected following dialysis and freeze dried. The biotin was first dissolved in N,Ndimethylformamide, and NHS and dicyclohexylcarbodiimide were added into the solution after the biotin was completely dissolved. Crude bio-NHS was synthesized in a 16-h reaction and then filtered to remove byproducts such as dicyclohexylurea, and further purified to obtain purer biotin ester. GC was dissolved, and biotin ester (Bio-NHS) solution was dripped into the GC solution (20-30:1 molar ratio of biotin to chitosan). After 24 h, the Bio-GC was collected following dialysis and freeze-dried.
Fourier transform infrared spectroscopy (FT-IR)
Powdered samples of galactosyl glucose, biotin, CS, GC, and Bio-GC were pressed into a potassium bromide (KBr) pellet and infrared spectra records of each sample were recorded using a Nexus Fourier Transform Infrared Spectrometer (Nicolet TM Natus Medical Incorporated, San Carlos, CA, USA) in the range 400-4000 cm -1 .
Hydrogen-1 nuclear magnetic resonance spectroscopy ( 1 H-NMR)
To further verify the chemical structure of the synthesized end-product, CS was tested by 1 H-NMR (600 MHz, Agilent Technologies, Santa Clara, CA, USA). The sample was dissolved in a mixed solution of hydrochloric acid and deuterated heavy water, with tetramethylsilane as an internal standard.
Preparation of 5-FU standard curve
The chromatographic conditions were as follows: chromatographic column, C 18 (250 mm × 4.6 mm, 5 μm); column temperature, room temperature; flow rate, 0.8 mL/min; mobile phase, methanol-water (ratio 15:85); wavelength, 265 nm; and injection volume, 20 L.
5-FU was weighed accurately and prepared to a final concentration of 10 mg/L, then scanned by UV spectrophotometry (Beckman DU-650) in the range 200-400 nm. The maximum absorption wavelength of 5-FU was 265 nm. 5-FU was added into 0.5 mL simulated body fluid (SBF) and dissolved to give concentrations of 0.1, 0.2, 0.5, 1.0, 5.0, 10, and 20 mg/L in 10 mL standard serum, and absorption was measured at 265 nm. Linear regression was performed by placing absorbance on the Y axis and the concentration of 5-FU (mg/L) on the X axis.
Release of Bio-GC/5-FU nanoparticles in vitro
A certain amount of Bio-GC/5-FU nanoparticles and 5-FU were weighed and placed into a dialysis bag, and 30 mL SBF was added to form a mixed suspension (pH 7.4), which was oscillated (frequency 60 rpm) by dynamic dialysis at a constant temperature (37 °C). The dialysis fluid was removed at 0 min, 20 min, 40 min, 60 min, and each day from days 1 to 10. Fresh SBF was added to maintain the original volume of 30 mL. Absorbance values were measured at a wavelength of 265 nm. The release of 5-FU nanoparticles at different times were calculated using a standard absorption curve. The concentration was calculated according to the standard curve equation, and the means of 3 experiments were recorded. Cumulative drug release (%) = (release of 5-FU from samples)/(total amount of 5-FU) × 100%.
Nanoparticles were dissolved in 1% HCL and diluted with SBF and compared with SBF as the control to determine the absorbance at 265 nm. According to the SBF standard curve of 5-FU, the encapsulation efficiency and drug loading capacity of the Bio-GC nanoparticles were calculated as follows: encapsulation efficiency (%) = ([amount of DNA within a nanoparticle] -[amount of DNA in the supernatant])/(total amount of DNA added) × 100% drug loading (%) = (amount of DNA within nanoparticles)/(nanoparticle mass) × 100%
Bio-GC nanoparticles targeting liver cancer in vitro
SMMC-7721 and LO2 cells were seeded in 6-well plates and incubated for 24 h. Fresh medium containing different Bio-GC, GC, Bio-CS, and CS nanoparticles marked with fluorescein isothiocyanate (FITC) was added, and the cells were further incubated for 4 h. Cells were then stained with the fluorescent dye Hoechst 33258 and washed with 0.01 mL phosphate-buffered saline (PBS) 3 times. Cells were then fixed in 4% paraformaldehyde at room temperature for 20 min. Cover slips were removed with tweezers and placed on glass slides mounted with glycerol buffer solution. The fluorescent signals in the samples were observed by a confocal laser scanning microscope (Olympus FV-1000, Tokyo, Japan). The excitation wavelength of the fluorescent nanoparticles was 488 nm and that of Hoechst 33258 was 405 nm. Images were photographed and stacked via the imaging software NIS Elements. In vitro experiments using LO2 and SMMC-7721 as model cells were observed by confocal microscopy to assess the endocytosis processes of Bio-GC nanoparticles, and the fluorescence intensity was detected.
Animal model H22 cells were used to establish an animal mouse liver subcutaneous model. The tumor tissue was dissected after the mice were sacrificed and tumors showing vigorous growth were selected. Tumor cell suspension was generated at a density of 6 × 10 7 /mL. A median incision was performed after intraperitoneal anesthesia with 20% urethane, and 50 μL of H22 suspension was injected into the left lobe of the liver capsule via a 1-mL syringe. After 2 min, the abdomen was closed layer by layer to ensure no leaking, and the orthotopic transplantation liver cancer model was successfully established.
Dynamic imaging of Bio-GC nanoparticles in vivo
To ensure the consistency of the fluorescence signal intensities of the modified nanoparticles, some amino acids from the CS skeleton and isothiocyanate Rhodamine B (RBITC) were first reacted to produce RBITC-CS labeled with isothiocyanate Rhodamine B, then RBITC-Bio-CS, RBITC-GC and RBITC-Bio-GC were synthesized. The orthotopic transplantation liver cancer model was established after day 5, and the RBITC-CS, RBITC-Bio-CS, RBITC-GC, and RBITC-Bio-GC nanoparticles were injected into the tail veins at doses of 0.4 mg/20 g of mouse weight. Dynamic observation of CS, Bio-CS, GC, and Bio-GC among the mice was performed via a small animal imaging system in vivo (Maestro TM , CRi, Woburn, MA, USA) at 2, 4, 8, 12, and 24 h, and 3 mice from each group were euthanized at each time point. The fluorescence intensities in liver, kidney, spleen, and brain tissues were tested, which reflected the amount of nanoparticles at each site. The remaining mice were sacrificed at 24 h, and the fluorescence photon numbers in the liver and liver cancer regions were detected by the CRi Maestro TM imaging detection system and the hepatic cancer (C) and liver (L) fluorescence ratio was calculated. The C/L ratio reflected the ability of the nanoparticles to target liver cancer specifically.
Cell proliferation and cytotoxicity test
Cells proliferation and cytotoxicity were tested by cell counting kit-8 (CCK-8) assay. SW480 cells and SMMC-7721 cells were cultured in RPMI-1640 supplemented with 10% FBS in a humidified incubator containing 5% CO 2 at 37 °C. H22 cells were collected, counted, and centrifuged at 1000 rpm for 5 min and the cell density was adjusted with the culture medium. Cells were seeded into 96-well plates at a density of 1, 000 cells/100 µL per well. The drugs (5-FU, Bio-GC, CS/5-FU, GC/5-FU, and Bio-GC/5-FU) were prepared in RPMI-1640 complete medium at concentrations of 10, 3, 1, 0.3, 0.1, 0.03, and 0.01 mg/L. The medium in 96-well plates (Dojindo, Kumamoto, Japan) was gently removed and the configured complete culture medium was added at different concentrations according to the experimental design. Subsequently, 10 μL CCK-8 (Sigma-Aldrich, St. Louis, MO, USA) solution was added to each well, and the plates were incubated at 37 °C for 2 h. The optical density (OD) was measured at 450 nm using Bio-Rad automatic micro-plate reader (Bio-Rad, Hercules, CA, USA) 3 times for each group at 3 different times points, namely, 24, 48, and 72 h. 
Cell migration experiment
The migration capacity was analyzed using transwell assays. Fibronectin gel (50 µL of 5 µg/mL) (ProSpec-Tany TechnoGene Ltd., Ness-Ziona, Israel) was dropped into transwell cells (Corning Inc., Corning, NY, USA) and dried in a biosafety cabinet overnight. SMMC-7721 cells were cultured in RPMI-1640 (Invitrogen) containing 10% FBS (GIBCO) in a humidified incubator containing 5% CO 2 at 37 °C. The cells were collected and counted, then further centrifuged at 1000 rpm for 5 min, and cell density was adjusted with RPMI-1640. The cells were seeded in the upper chamber without serum at 2000 cells/100 µL per well, and 500 µL RPMI-1640 containing 10% FBS was added to the lower chamber. The 5 drugs (5-FU, Bio-GC, CS/5-FU, GC/5-FU, and Bio-GC/5-FU) were added into the upper chamber, in which the concentration of 5-FU was 3 g/mL. After culture for 48 h, 50 µL 0.5% crystal violet solution was added to the upper chamber and photographed. The cells in the lower chamber were digested using trypsin and a 20-µL cell suspension was produced. The counting plate pool was filled with a small amount of suspension, and the number of cells across the membrane was counted under the microscope (x200) across 5 fields (upper, middle, lower, left, and right). The migration ability was assessed by the number of cells that crossed the membrane. Counts were repeated 3 times.
Effect of Bio-GC/5-FU nanoparticles on orthotopic transplantation liver cancer model
On day 5 after the liver transplantation model was established in mice, the liver cancer tissue was about 4-6 mm. The animals were divided into 6 groups: control, Bio-GC, 5-FU, CS/5-FU, GC/5-FU, and Bio-GC/5-FU. In the control group, 200 µL of normal saline was intravenously injected, and in the Bio-GC group, 200 µL empty nanoparticles were injected into the tail vein. In the 5-FU, CS/5-FU, GC/5-FU, and Bio-GC/5-FU groups, 200 µL of the corresponding drugs were administered (including 0.371 mg 5-FU). Six days after the model was established, the drugs were administered via the tail veins for 5 days. Survival analysis of the remaining 9 mice in each experimental group was performed.
Statistical analysis
All data are expressed as the mean ± standard deviation. Data between groups were compared using one-way analysis of variance, and data between the groups were compared using the least significant difference method. The survival times of the mice were analyzed by the Kaplan-Meier method. A P-value less than 0.05 was considered statistically significant. were strengthened, and the absorption peaks of CS amide I and amide II occurred in red shift (amide bonds I, II, and III decreased from 1653 cm
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, respectively), and amide I peak changed relatively sharply and the peak intensity of amide II weakened. These spectral changes suggested that the chemical reactions took place in the new amino group, and the galactose molecule was successfully grafted onto the surface of the CS molecules through -CH2-NHand an amide bond. In a comparison of Fig. 1A (e) and (d), IR of the Bio-GC material showed greater intensity and a sharp absorption peak at 1681 cm -1 through reductive amination, and we considered that biotin and CS were bonded together by an amide bond through a reaction between the amino group of CS and the carboxylamide of biotin leading to the absorption peaks of amide bond I. In addition, amides II and III were changed, and the absorption peaks of the amide bonds of II and III decreased from 1597 cm -1 and 1320 cm -1 to 1300 cm -1 and 1557 cm -1 , respectively. The changes in the molecular structures suggested that biotin was successfully grafted onto the GC. Fig. 1B (a) shows that the absorp tion peak at 2.0 ppm represented the protons in the N-CH 3 of CS, 3.16 ppm represented the proton absorption peak of the amino group, and 3.88 ppm represented the proton absorption peak of hydroxyl groups. In comparing the GC (Fig.  1B (c) ) with CS ( Fig. 1B (b) ) and lactose ( Fig. 1B (a) ), the proton peak of methyl of the raw acetamide groups in the synthesis of CS appeared at 1.99 ppm, and the range 4.0-4.5 ppm showed the characteristic peaks of galactose (with galactosyl structure), while the new absorption peak at 4.189 was attributed to the H proton signal peaks of galactose residues in the side chain. Thus, the lactose was successfully grafted onto the CS amino groups. A comparison of Bio-GC (Fig.  1B (d) ) and GC (Fig. 1B (b) ) showed the characteristic proton peaks of biotin in the range 1.3-1.7 ppm and 2.0-3.0 ppm, respectively, and the proton peak in the range of 4.0-4.5 ppm was strengthened. Ultimately, biotin was grafted onto the amide bond of the GC material, and the synthesis of Bio-GC material was successful.
Synthesis and characterization of Bio-GC/5-FU nanoparticles
As shown in Fig. 2A , the increase in the mass ratio of carrier and drug (Bio-GC/5-FU), led to a gradual increase in drug loading while the encapsulation efficiency initially increased and then decreased. When the mass ratio of carrier and drug was in the range 1:1 to 1:4, the encapsulation efficiency increased gradually as the mass ratio increased, while the encapsulation rate decreased significantly from 1:4 to 1:8. Therefore, the best mass ratio for Bio-GC/5-FU is 1:4 and, consequently, in our study, Bio-GC/5-FU nanoparticles were synthesized according to a mass ratio of Bio-GC/5-FU of 1:4. As shown in Fig. 2B , transmission electron microscopy of Bio-GC/5-FU nanoparticles suggested that Bio-GC/5-FU nanoparticles were spherical in shape with smooth surfaces and uniform size. The particle size analyzer showed that the Bio-GC/5-FU nanoparticles were 81.1 nm (Fig. 2C) , and the polydispersity index was 0.16, which indicated that the nanoparticles had good dispersion properties. The zeta potential was +39.2 mV and the drug loading capacity was 8.98% (Fig. 2D ). As shown in Fig. 2E , the concentration of 5-FU, in the range 0.1-20 mg/L, had a good linear relationship with the absorbance, for which the regression equation was y = 52.703x + 0.7602 (r = 0.9995). The cumulative release rate of 5-FU in SBF over 1 h was 99.4% (Fig. 2F) , and showed nearly linear rapid release. The release of Bio-GC/5-FU had 3 obvious stages: rapid release stage lasted 0-1 days and due to the rapid diffusion of nanoparticles surface or nanoparticle shallow layer into the SBF, the cumulative release rate was 30.4%. The steady release stage was 1-6 days, and the cumulative release rate was 77.8%, that is, an increase of 47.4%. The slow release phase was 7-10 days, during which the release curve was horizontal and release occurred at a slower pace. On day 10 the cumulative release rate was 92.5% and had increased by only 7.4%. Cell
Liver cancer target of Bio-GC SMMC-7721 cells showed the strongest green fluorescence in the presence of Bio-GC nanoparticles, and the fluorescence was significantly higher than that with single cancer target materials (Bio-CS and GC). Green fluorescence was weakest in nanomaterials that did not target cancer (CS), which showed that Bio-GC mediated endocytosis was stronger than single or non-cancer-targeting nanomaterials. At the same time, we found that after treatment, only a small amount of green fluorescence was apparent in LO2 cells in the presence of Bio-GC; thus, Bio-GC nanoparticles had a strong ability to target liver cancer cells.
Dynamic imaging of Bio-GC in orthotopic liver cancer transplantation in mice
To understand the dynamic distribution of the nanoparticles in an orthotopic transplantation liver cancer model, nanoparticles were labeled with red fluorescent isothiocyanate Rhodamine B. As shown in Fig. 3B (a) and (b) , the fluorescence intensity in CS was weaker in liver or liver cancer tissue at 24 h, and significantly enhanced in liver cancer tissue at 24 h in the presence of Bio-CS with liver cancer targeting nanomaterials (P < 0.01), but there was no significant difference in fluorescence intensity in liver tissues between Bio-CS and CS (P > 0.05) treatments. The fluorescence intensity of liver cancer in GC with nonspecific hepatic cancer targeting nanomaterials was significantly higher than that of CS and Bio-CS at 24 h (P < 0.01), and in liver tissue it significantly increased in the presence of GC compared with CS or Bio-CS (P < 0.01). The strongest fluorescence intensity in liver cancer was observed at 24 h in the presence of Bio-GC with liver and cancer targeting properties Cheng et al.: Inhibitory Effects of Bio-GC Nanoparticles Targeting Liver Cancer (P < 0.01), and it was significantly higher in liver tissue in the presence of Bio-GC than when CS and Bio-CS (P < 0.01) were present, but appeared significantly lower than that in the presence of GC (P < 0.01). The C/L ratio of Bio-GC was the highest (Fig. 3B (c) ), which indicated that the Bio-GC containing ligands targeting both liver and liver cancer cells had the strongest liver cancer targeting properties. Bio-CS with mono-liver cancer targeting properties was weaker than Bio-GC. Although the fluorescence intensity of liver and liver cancer tissues with GC were significantly improved compared with CS, the C/L ratio was not significantly different between GC and CS, thus suggesting that GC has both liver and liver cancer targeting properties. Therefore, the liver cancer targeting properties of GC was not significantly better at targeting non-liver cancer tissue than CS. 
Liver target killing effect of Bio-GC/5-FU nanoparticles in liver cancer in a time-and dosedependent manner
As shown in Fig. 4A (a-c) , as the concentration of Bio-GC/5-FU, GC/5-FU, GS/5-FU, and 5-FU increased, the rate of inhibition increased significantly. The inhibitory effect was clearly enhanced from days 1 to 6 ( Fig. 4A (d) ). Bio-GC/5-FU has the strongest inhibitory effect on SMMC-7721 cells due to Bio-GC with both liver and liver cancer targeting properties, and the inhibition of SMMC-7721 cells mediated by GC/5-FU was no different from that of Bio-GC/5-FU in SW480 cells, which corresponded to GC nanoparticles with mono-liver cancer targeting properties for SMMC-7721 cells and Bio-GC nanoparticles with mono-cancer targeting properties for SW480 cells. The GS/5-FU nanoparticles had no targets on SMMC-7721 and SW480 cells, hence the inhibition rates were no different between these cell lines. From days 1 to 2, the rates of GS/5-FU-mediated inhibition of SMMC-7721 and SW480 cells, and GC/5-FU-mediated inhibition of SW480 cells were lower than the 5-FU-mediated inhibition of SMMC-7721 and SW480 cells; however, from days 3 to 6 the inhibition rates were higher for GS/5-FU in SMMC-7721 and SW480 cells, and GC/5-FU in SW480 cells than for 5-FU in SMMC-7721 and SW480 cells. It was suggested that the concentration of 5-FU released from non-targeted nanomaterials was lower than that of 5-FU on days 1 to 2, which resulted in a lower inhibitory rate. Moreover, from days 3 to 6, the concentration of 5-FU released from non-targeted nanomaterials remained constant; thus, the rate of inhibition among non-targeted nanomaterials carrying 5-FU was significantly higher than that with 5-FU alone.
Effect of Bio-GC/5-FU nanoparticles on migration in liver cancer cells
As shown in Fig. 4B (a) , the number of apoptotic cells in the upper chamber decreased in order of magnitude from Bio-GC/5-FU to GC/5-FU, to GS/5-FU, to 5-FU, to Bio-GC, to Control; thus, the Control and Bio-GC groups had the lowest number of apoptotic cells, while the highest number was in the Bio-GC/5-FU group. The numbers of liver cancer cells were also observed through the membrane in the lower chamber in Fig. 4B (b) . The liver cancer cell counts increased in reverse order from Bio-GC/5-FU to GC/5-FU, to GS/5-FU, to 5-FU, with the lowest counts in Bio-GC/5-FU group and highest in Control and Bio-GC groups. This indicates that the nanomaterials can inhibit the migration of liver cancer cells and Bio-GC with its liver and liver cancer targeting properties had the strongest inhibitory effects on the migration of liver cancer cells. Moreover, the nanomaterials significantly enhanced the inhibitory effects of 5-FU on liver cancer.
Toxic effects of Bio-GC nanoparticles on cells
To assess the toxic effects of Bio-GC nanoparticles on cells, SMMC-7721, SW480, and LO2 cells were cultured with different concentrations of Bio-GC nanoparticles. After 72 h, concentrations of 0.01-0.64% had no obvious inhibitory effects on the proliferation of SMMC-7721, SW480, and LO2 cells (Fig. 4B (b) )-all groups showed proliferation rates of 100%. As shown in Fig. 4C (a) , when the cells were cultured with 0.64% nanomaterials, the proliferation rate was no different from that of the control group; thus, it was considered that even a high concentration of Bio-GC had no obvious cytotoxic effects on the cells. In this study, the concentration of the nanoscale materials in the drug delivery system was only 0.04%, so it had no toxic side effects on cells.
Inhibition of Bio-GC/5-FU nanoparticles on orthotopic transplantation liver cancer model
After treatment, the mice in the control group started to die from day 11 (Fig. 5A) , and all mice had died by day 19; the median survival time was 15 days. Mice in the Bio-GC group started to die at day 11, and all mice had died by day 20; the median survival time was 16 days. Mice in 5-FU group started to die on day 16 and all mice had died by day 30; the median survival time was 23 days. Mice in the CS/5-FU group started to die on day 19 and all mice were dead by day 35; the median survival time was 29 days. Mice in GC/5-FU group started to die on day 20, all mice had died by day 43, and the median survival time was 35 days. Mice in Bio-GC/5-FU group started to die on day 22, all mice were dead on day 49, and the median survival time was 42 days. These results showed that the Bio-GC/5-FU group had the longest survival times compared with the GC/5-FU and CS/5-FU groups (P<0.01), and the survival time in the GC/5-FU group was significantly longer than that in the CS/5-FU group (P<0.01).The efficacy of nanomaterials plus 5-FU in the orthotopic transplantation liver cancer model was superior to single 5-FU; therefore, it is suggested that nanomaterials could help to heighten the suppressive effects on tumors, and Bio-GC with both liver cancer and liver targeting properties could improve the inhibitory effects of 5-FU in liver cancer more efficiently than GC with mono-liver targeting properties.
Discussion
5-FU has broad antitumor activities and has been widely used to treat digestive tract tumors. However, it is a non-selective antitumor drug similar to other anticancer drugs and because has a wide distribution and side effects in vivo, its clinical application is limited. To improve the efficacy of drugs, some scholars are exploring micro targeted, controlled release systems. Because of their good biocompatibility, serum proteins, hemoglobin, collagen, and gelatin as well as other natural biodegradable materials have been investigated widely; however their clinical application is limited because of the high costs, difficulties in the preparation of the materials and quality control, and the fact that they cannot be mass produced.
In recent years, attention has been paid to synthetic biodegradable polymers of nanomaterials, which not only have sustained and controlled release effects, but also have lesion site-targeting abilities, greater drug loading capacities, and other characteristics. They are expected to improve drug efficacy rates and reduce the number of side effects in normal tissues. In our previous study, we successfully synthesized GC with galactose and CS and found that the nanomaterial had liver and liver cancer targeting abilities. However, the higher drug concentration in liver tissue indicated that the nanomaterial had the shortcoming of not exclusively targeting liver cancer. It is evident that biotin has the ability to target cancer cells, such as in liver cancer [21] , colon cancer [22] , and breast cancer [23] . In particular, a study on hepatocellular carcinoma found that a large number of specific biotin receptors are present on human hepatocellular carcinoma cells, and nanomaterials combined with biotin have clear liver targeting effects; thus, biotin is a promising nanomaterial [24] . To overcome the aforementioned disadvantages, we grafted biotin onto GC nanomaterials to synthesize Bio-GC based on the knowledge that GC provides characteristic liver-directed transport (characteristics of semi lactose) and biotin targets the liver. Bio-GC nanomaterials have been successfully synthesized and confirmed by FT-IR spectra and 1 H-NMR. Nano drug delivery systems refers to dispersion systems with particle sizes of 10-100 nm. Their characteristics include excellent tumor targeting, long circulation times in vivo, easy absorption by cells, control of drug release and improved drug solubility, and increased drug stability. According to the tumor targeting characteristic, nano drug delivery systems are divided into active and passive groups. Passive targeting is achieved through the vascular wall by vascular endothelial cell gaps. Because of their high permeability and retention in solid tumors, nanoparticles can aggregate and be retained for a long time in tumor tissues [25] . The most appropriate particle size for passive targeting is 10-100 nm, and endothelial cell gap allows particles up to 400 nm [26] . If the particles are larger than 100 nm or less than 10 nm, they become trapped in the liver or are excreted by the kidney, respectively [27] . Active targeting is achieved mainly through grafting ligands onto the surface of the targeted delivery system, and the nano carrier system containing the target specific ligands is transported to the target recognition area and interacts with the cells where it delivers the medicine to the predetermined target. Due to the passive mode of the active drug delivery system entering the tumor tissue, most of these systems have no obvious advantages; hence, active targeting is used infrequently in clinical applications [28] . Therefore, the nanomaterial is particularly important for the control of passive targeting. In our study, galactose, which has liver tissue and liver cancer targeting properties, and biotin, which targets hepatocellular carcinoma, were grafted onto CS to form Bio-GC nanomaterials with liver cancer targeting properties (Fig. 5B) . The particles were about 81.1 nm and the PI only 0.006, so nanoparticle dispersion was good and in line with that of the ideal nanoparticle size.
To optimize the proportions of Bio-GC and 5-FU drugs, we found that a ratio in the range 1:1-1:8 was ideal. As 5-FU increased, Bio-GC drug loading increased gradually, and the encapsulation rate first increased then decreased as shown from the curve. When the Bio-GC/5-FU ratio was 1:4, the encapsulation rate was highest because the 5-FU loaded on the Bio-GC, reached saturation, and the encapsulation efficiency decreased when the ratio of Bio-GC/5-FU further increased. Therefore, the optimum ratio of Bio-GC/5-FU = 1:4 was used in our experiment. Scanning electron microscopy showed that the nanoparticles were spherical in shape and had smooth surfaces. The zeta potential was +39.2 mV, and the drug loading capacity was 8.98%. Our previous study found that GC/5-FU = 1:10 is the best ratio [29] , and when the Bio-GC nanomaterials were grafted with biotin, the proportions of 5-FU and the nanomaterials were significantly reduced, and the download quantity increased significantly at the same mass ratio, so the Bio-GC material has been optimized to a further extent than before. In the simulated fluid release, Bio-GC/5-FU showed 3 clear release phases: fast release, steady release, and slow release. In the fast release phase, release was rapid because of the fast diffusion of 5-FU physically encapsulated within the nanoparticles. In the steady release phase, the amide bonds of the nanomaterial were hydrolyzed and fractured, and 5-FU was steadily released. In the slow phase, the nanomaterial was slowly and completely degraded, which lead to the slow release of 5-FU. This approach is conducive to the orderly release of drugs and combination treatments of tumors, but it also needs to be verified in vivo experiments. The release of the nanomaterial can alter the distribution of drugs in the body, increasing the half-life, and reducing the risk of side effects [30] .
Laser confocal microscopy also showed that Bio-GC nanoparticle mediated endocytosis was stronger than that of GC and non-targeted CS nanomaterials, and it was found that after treatment with Bio-GC in LO2 liver cells, only a small amount of green fluorescence was seen in the cells, which further confirmed that Bio-GC nanoparticles strongly target liver cancer cells because they actively target receptors. In pathological conditions (such as in tumors), the binding activity of galactose receptor declines [31] , but cancer cells have a greater need for vitamins [32] ; therefore, the activities of vitamin receptors in cancer cell also increase significantly. Biotin is also known as vitamin H; its receptors are overexpressed in cancer cells and their activities also appear significantly enhanced [33] . Biotin grafted onto GC materials can significantly enhance the endocytosis of nanomaterials by cells., This was confirmed by the significantly greater expression of green fluorescence. Therefore, Bio-GC nanomaterials with galactose and biotin ligands have more targeted and stable effects in the treatment of liver cancer.
To further verify the dynamic distribution of Bio-GC material in an orthotropic liver cancer mouse model, Bio-GC was marked by red fluorescent isothiocyanate with Luo Damming B. (Mouse spontaneous fluorescence is green, and to avoid and reduce interference, red fluorescent isothiocyanate with Luo Damming B was used.) To ensure that the fluorescence signal intensity was consistent among the nanomaterials, the nanomaterials and skeleton CS were labeled with isothiocyanic acid Luo Damming B. The nanomaterial skeleton CS was combined with rhodamine B isothiocyanate, then synthesized with the other nanomaterials. The study showed that the nanomaterial GC targeting the liver collected in the liver tissue and hepatocellular carcinoma tissues more than in other tissues in vivo. Therefore, it has obvious liver targeting but no hepatoma-specific targeting. Because the nanomaterial Bio-CS has only liver cancer targeting features, the concentration in liver tissue was lower than in liver cancer, and while Bio-CS has a strong liver cancer targeting effect, the total fluorescence signal was not high per unit area in liver cancer. However, Bio-GC has the advantage of both GC and Bio-CS nano properties, and the fluorescence signal appeared strongest in hepatocellular carcinoma and per unit area in liver cancer. Bio-GC, which showed the highest fluorescence intensity in liver cancer tissues may be related to the characteristics of the nanomaterials: Nanomaterials with two ligands targeting both the liver and liver cancer first enter the liver via the portal vein when injected into the tail vein, and accumulate in liver tissue because of the galactose ligand targets the liver [34] . Moreover, the nanomaterials gather at high concentrations in liver cancer tissues due to the liver cancer targeting characteristics of biotin, the second ligand [35] . Hepatoma cells can be targeted by the liver targeting ligand galactose and liver cancer targeting ligand biotin; therefore, the Bio-GC materials have dual liver cancer targeting effects in hepatoma cells, and at the same concentration, the affinity for tumor cells among more targeted nanomaterials is stronger than that of single targeted nanomaterials [36] . Hence, the concentrations of Bio-GC nanomaterials in hepatocellular carcinoma tissues were significantly higher than those of CS and Bio-CS nanomaterials.
Proliferation, invasion, and metastasis are important biological features of tumor cells, and significant causes of death in cancer patients [37, 38] . In order to study the effect of Bio-GC/5-FU nanoparticles on the proliferation and invasion of hepatocellular carcinoma cells we conducted an experiment using Bio-GC/5-FU nanoparticles on hepatoma cells and found that Bio-GC/5-FU nanoparticles have time-and dose-dependent effects on hepatocellular carcinoma cells that clearly enhance the inhibition of cancer cells. We also found that the inhibitory effect of Bio-GC/5-FU nanoparticles on liver cancer cells was higher than on colon cancer cells, and Bio-GC/5-FU nanoparticles played a stronger inhibitory role in hepatocellular carcinoma cells than GC/5-FU nanoparticles. Consistent with the confocal microscopy results, Bio-GC/5-FU nanoparticles may have stronger endocytosis effects than GC/5-FU nanoparticles in hepatocellular carcinoma cells, which increase the intracellular concentration of 5-FU and enhance the inhibition of HCC growth. The tumor migration experiment showed that there were more apoptotic tumor cells above the transwell insert in the Bio-GC/5-FU group and significantly more than in GC/5-FU group, but there was a lower number of cells below the transwell insert in the Bio-GC/5-FU group compared with the GC/5-FU group. This indicated that Bio-GC/5-FU nanoparticles allowed the delivery of more 5-FU into hepatoma carcinoma cells via the biotin receptor and regulated the complex intracellular signal conduction by 5-FU to achieve significant inhibitory effects on the migration of liver cancer cells [39] . CS, galactose, and biotin have good biological compatibility and degradability, and have no obvious toxic side effects [40] [41] [42] . We synthesized Bio-GC nanomaterials and tested the toxicity of the Bio-GC nanomaterials. Tests showed that Bio-GC nanomaterials have no obvious side effects in normal liver cells, liver cancer cells, or colon cancer cells in the concentration range of 0.01-0.64%. In this study, the concentration of experimental Bio-GC nanomaterials was only 0.04% and had the same clinical effects without any side effects.
To evaluate whether Bio-GC/5-FU nanoparticles also provided targeted inhibitory effects in an orthotopic transplantation liver cancer model, we injected Bio-GC/5-FU nanoparticles into the tail veins of mice after the model was established. Survival analysis showed that the Bio-GC/5-FU group survived significantly longer than the GC/5-FU, CS/5-FU, and 5-FU groups, indicating that CS/5-FU nanomaterial has a slow release effect compared with simple 5-FU treatment and that the curative effect of GC/5-FU nanoparticles on hepatocellular carcinoma was significantly higher than that of CS/5-FU nanoparticles, which further suggested that targeted therapy improved the efficacy of treatment in an orthotopic Cheng et al.: Inhibitory Effects of Bio-GC Nanoparticles Targeting Liver Cancer transplantation liver cancer model. In this study, two ligands (galactose and biotin), were grafted to CS to synthesize a nanomaterial that targeted the receptors of galactose and biotin in liver cancer cells, enhanced the effect of targeted therapy, and significantly prolonged the survival of liver cancer model mice. The results indicated that Bio-GC nanomaterials provide more stable 5-FU endocytosis effects in hepatoma cells than single target nanomaterials, and due to the slow release of non-targeted nanomaterials, the concentration of 5-FU carried in the nanomaterials to hepatocellular carcinoma cells was more consistent than 5-FU alone; therefore, the curative effect via the inhibition of tumor cells was improved to some extent. The biggest obstacles in the clinical use of 5-FU are its toxicity and side effects, but our study found that Bio-GC nanoparticles reduced the toxic and side effects of 5-FU; therefore, they could play important roles in the delivery of chemotherapy drugs that are nontoxic or have few toxic effects.
Conclusion
Bio-GC nanomaterials were successfully synthesized and verified by FT-IR spectroscopy and 1 H-NMR. Bio-GC nanomaterials in vivo targeted liver cancer tissues, had an endocytosis effect on liver cancer, promoted the accumulation of 5-FU in liver cancer tissues, and promoted 5-FU-mediated targeted inhibition on liver cancer cells in a time-and dosedependent manner. In addition, Bio-GC showed significantly greater targeted inhibition of the proliferation and migration of liver cancer cells, and promoted the inhibitory effects of 5-FU in an orthotopic transplantation liver cancer model.
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